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I. Introduction 

Tho dicchargo of sovoral materials to tho atrr,osphoro can crocto publio 

.- 
health problOm6. Consaqucntly, tho‘furthoi dovolopnont of satisfactory Ion 

oost air cleaning dovicoo may play a part in hoslth protection by orcouraging 

tho use and installation of air cleaning facilities. The uce of cotton fibers 

as filtcz wodia has prospocto for ooonony because oottoa hao a rolctivolg low 

initial cost, has' 1~ c\r;h (less than 0.1% (1))'f or odonomical disposal and in 
4 

. 

readily a&ilcblo. I 

DUriAg tho past year, studios have beon conducl;od at tho Harvard University 

.,$ir Cleaning Ltiboratory on the filtrc\tion c harncterictios of various oottcjn 
. 

fibers for &nosphoric dusts. Four natural fibers and two ion exchnngo ooatingc 

sore invostigatod. 

In conjunction tith the bacio cotton gork a parallol study 'fins conductad 

on the'c&rrelation of wsiht, stain, and count offioiencies for atmorphoric 

dust. If an empirical relationship cun be dovoldpod u6ing atmospheric loadings, 

concidorablo time can bo 6aved in obtaining an indox df oount and wight affi- 

oioncios from a Sirnplo ttain tcchniquo. 

In an r\ttom2t to roduco tho weight officioncy variation caueod by n few 

large sarticloc a profiltur wa6 wed. Th:e introduced a third phnso of tho 
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study which 'had as its goal the evaluation of,tho profiltor AS A moans of obtain- 

. ing A rolfitivoly oonsistont norosol for filtor rating. 

II. Equip:1ont 
. 

FIC;ura 1 is a cchotatic diagram of tho test sotup. Tho profiltor had A 

face area of 0.143 squaro feet and consisted of 10 lnyora of Xetox mist 

eliminator screen coated with SAE 30 motor oil. 

The nappod cloth YXLG used to interlnco Mth the tost medium to minimize ' 

Fibor Description # 

.A o&bon fibor has boen described ns an opidermal cell of the soed. It 
: 

consists of an outer viall, seoondnry wall and a lumen. With growth, the 

scoondary \\a11 thickness increases until the lunon is nearly closed. With the . 

drying that occurs after pioking, the lumen collapses and for mature fibers a 

kidney or elliptical shape is attained. In immature fibors the secondary vial1 
. , 

is thin and upon collapse of the lumen the fiber attains a twisted ribbon or 

U-shape, ?&tthews (2) indicatas that wall thickness may vary from 0.35 to 15 p 
. 

and ribbon widths from 11 to 20 CL. * 

The fibors tested in this soriec wre sized by Rossano (3). The mean 

dianotors presontod in Table I are the geometrio means of singlo trmsverse 

measurements of over 200 fibers for each grade. 

The Lookett ssmplo contained about 93% mature fibers and the Kemphis 

immature about 36% mature fibors. 

Tho ion oxchango treatments whioh here tostod had been applied to S x P 

fibers by the U. S. Dopurtment of Agriculture. Tho rosin treatment wxc 

inprognation by Rosiloon HP, an unmuthylntod nothylolmolanino rosin Which has 

found use in ion oxchango columns. The aminizod ootton had boon troatod with 



. . 

2-aminoilthylsulf\Iric adid and sodium hydroxJdo. Aml.nizod cotton has anion . 

oxchnngc propartios and the treatment facilitates the uso of acid dyes. 
. 

Test Procodurc 

A. Bod Preparation 
. 

The fibers tested had been f'urnishod by tho U. S. Dopartmont of 

Agriculture, Burauu of Agrioultural and Industrial Chomiotry, Raw Orloans, 

Louisiana. They were recoived.as card slivers and diffioulty vras experienced 

in obtclning raproducabillty. The fibox- were carded again and taken off as 

card fob which was folded into boxes for storage. Compaction in storage made 

- most of the individual layors of the web indistinguishable. The layers v\%re 

separated by hand as well a6 possible and cut into s-ix inch squares. The 

weight necsssary to give a paoking density of 2 lbs. per cubic foot (porosity 

0.98) was computed (cotton szoc+fic gravity 1.59). Depending u~op,tho typo of 

fiber and tho dogreo of compaction, five to ton layors rcere roquirod pclr inch 
I 

df final .pad. These layor xoro loosely placed in the plastic box and com?rossed 
, 

to the decirod bed depth by insertion of the inside section. With this tochniquo 

packing densities could be satisfactorily reproduced. 
. 

'B. Operation of Test Apparatus . . 

The combined operation of the upstream and downstream high volume 

sam?lors brought room air into the plenum through the profiltor at 50 cfm 

(face *olOCity Of 350 fpm), One-half.of this flow wont to tho upstroan high 

voluzo sampler and the othor half went through the test section to the do;instrenm 

high voluno sam;~lor. . 

Stairmand discs wore used as orifice motors to dotormino the rospoctivo 

flovr rates. Tho 25 cfm rata through tho tact section gave a face velocity at 

the tact pad of 100 fpm. Continuous operation of from 48 to 80 boars on Boston 
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air WIG roquirod to produce significant increase i.~ tho weight of the downstream 
. 

sampling filtors. . 

c. Sampling 

Sump106 wore takon at threo pointsr -1. Room air (upstream of 

- profiltor), 2. Upstroam (downstream of profilter, upstream of cotton pt\d), 3. 

Dk-nctroam (doxxstroam of ootton'pad). 

Eaight loading was dater-mined at those throe points by dotormining tho not 

: weight incroaso of type S pleated filters. The room air rample was colloctod at 

full flog of the high volume sampler which varied from 70 cfmto 40 cfm. Both 

.upstroam end downsi;re~m samples wro taken at 25 cfm tith the s&ire volume 

!pa6SiIlg through the test pad collected for the doxnstream sample. 

After from 10 to 20 hour6 of operation, and again 24 to 48 hours later, 

membrnns filter samples were taken at 0.7 cfm for count loading and stain 

efficiency datorminctions. The room air membrane filtor sample was taken near 
‘ 

the profiltor and the upstream and do;mstraom samples were taken through probe6 I 

in tho test section. These samplos vqro taken for 45 to 120 minutes, do?ending 

. on the rate of stain buildup. At interval8 of 15 to 20 minute6 the stain 
. 

doatity of each membrane filtar xas determined by uso'of a Photovolt, Model 203, 

ttisncmission densitometer. 

A blank for zeroing the densitometer on each membrane filter wa6 obtkinod 

by backing each filter with i'htman $1 paper to which a 5/S" circle of callophclse 

tape y;~16 attached. Xith this backing, the stain vias deposited in an annular 

pattorn and t1,o cantor portion of the filter remained clean. 
. 

D. &no1 ysis 

Tho stain roadings nor0 plotted againct time for each filter and 

tho timo to roach a constant stain was dotorminod from onch curve. Tho stuin 

officioncio6 wore than dotorrninod from tho rolntionship 
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Tho mombrano filter stains wore thon counted and sized microscopically . 

under 041 immorsion (90X objoctivo and 25X oyopioco) to dotormino tho count 

loading and sizo distribution at each sampling point. Total efficioncy,by 
. 

count,and sizo fraction efficiencies wore doterminod from those loadings. 

Tost Rosults 

Analysis of the data has not bocn completed, but a summary of noight, stain 

and count officioncies is prosonted in Table I for the various fibers tested. 
_ , 
These efficiencies are tabulated in order of decreasing weight officioncy. 

The pressure drops listed in Table I are the final drops observed in the 

rospoctive tests. Theso values represent no.approciable increase over the 

.drop in the clean beds for the shorter operating periods (48 to 60 hours). . . 

For rosin treatod S X P and Memphis Immature beds there ware 7 and 11 percont 

TASLE I 
, 

Efficiencies of 2" Pads: of Various Cotton Fibers on Atmospheric Dust 
'Packing Density 2#/ft3 . 

Face Velocity 100 fpm . 

Cotton Kean Fibor Weight Stain count Pressure Loss 
Diamotor Efficiency Efficio2cy Efficiency 

??onphis 
ITXl~tU~il 

-_I- 

Aminized 
Sx? 

CL % % % .Inche_s of rater 

-. 10.0 02.5 78.8 63.5 ,5.8 

10.0 80.5 53 . 3.@ 

Untreated 9.4 77 72.7 58.5 4.0 
SXP 
Rosin Trectod 10.3 74.8 72.5 61 3.6 
SXP 

--- 140ck~rtt 140 13.4 46 39 71.3 2.1 
-op.-- 

- Iyuitos 15.5 c-7 46 1.6 
--- Iepp------^ ----- ----- -- -- -- --- p--m -... . . . ,' 1.... 

! . . . . - . . .: U. .' I ., . 1' 

. 
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To dnto, tho.only v..riablo;: stud,iod have boon type of fibor and bod depth. . . . . 
Furthor'atudies two plannod to tast tho fihor at; difforont packing donritioc 

and fclco volocitioc. It is plnnnod to dalny furthor ootton atudiqs until the 

prosont data on rolntionships of wight-stain and count -stain officioncies aro 

more completely analyzed and tho valuo of tho profiltor is establishod. U&g 

the precont techniques, about 5 dnys are roquirod for each run in order to collect 

wighablo camples and oount and size the 6 moleoulnr filters. From a preliminary 

inspection of the weight-stain relationship it appenrz that empirical rolntion- 

ships might be dorivod r;hich till raduco the time from days to hours for each run. 

If theso relationships do not Provo reliable, a synthetic test aerosol will 

be generated and the cotton tests continued. Future studies till evaluate the 

effeots of various paoking donsitiec and various face velooitios. 

Prcfiltratiox 
: . 

. . 
Partial analysic of the data indicates that the profilter caua~s little 

change in aerosol composition. The avorago size fractio;l efficioacios of tho 

profilter F-ore dotormined fro-m the data of 28 runs. The average cloud com- 

position for roo3 air was dotorminod from the same data. This average 
1 

ocmpocition KG plotted on logarithmic probability papor and, using the averace 

cizo fraction efficiencies, a seoond cloud ~28 synthasized Khich raproaontod a 

cloud loating a profiltor of avarngo perforwnce. The line represontirg this 

tooond cloud on logarithmic probability papor T,TLB olnoct cuporinposod on the 

ini.3.al line. This approach clearly shows that proaont sizing tochniquos aro 

in~on~itivo to any chmgoc tlada in the ‘aorocol CGiJlpOSitiOn by this typo of 

profiltor, 

It 1~ folt that tho major bonofit to be dorivcd from tho profiltor is in 

tho roaoval of lcrgo pcrtiolos which mtiy dis2 art any empirically dotorminod 

rolationthip botxoon stain and wolght; ufficioncion. 
. 
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